th birthday.
Studies on the modulation of wound healing processes by medicinal agents are monitored by in vitro fibroblast proliferation, by reduction of oxidative stress, by collagen lattice formation or by antimicrobial properties. Whereas fibroblasts trigger the initial cell mass production in the process of wound healing, keratinocytes take over the process initially with undifferentiated cells, which eventually differentiate to form the barrier layers stratum spinosum, stratum granulosum and stratum corneum. This process, leading to the formation of the final barrier layers, is called stratification. Up to now the underlying mechanisms are not wholly understood, but some authors describe it to be associated with NOTCH signaling and apoptosis. Keratinocyte differentiation is one of the main processes involved in wound healing [7] .
Changes in cell proliferation and differentiation in the human skin are responsible for the pathogenesis of different diseases such as psoriasis, which is associated with hyper-proliferation and altered differentiation of keratinocytes and inflammation. The HaCaT (Human adult low calcium high temperature) keratinocyte cell line is an immortal and spontaneously transformed non-tumorigenic human epidermal cell line with the capacity for normal differentiation in vitro. It does not require 3T3 cells as a feeder layer, even after multiple passages. In contrast to simian virus-40 (SV 40), immortalized human keratinocytes that are associated with drastic alterations in differential potential , HaCaT cells approximate to normal basal epidermal keratinocytes. This cell line offers the best in vitro model for the study of regulatory mechanisms involved in the differentiation of human epidermal cells [8, 9] .
Phenylethanoids are compounds containing one or several C 6 -C 3 fragments. They are derived from phenylalanine of the shikimate pathway and polyacetates from condensed activated acetate units of common fatty acids supplied as the malonyl CoA or acetyl CoA [10] . Phenylethanoids are largely involved in the biosynthesis of flavonoids and lignins although their definition encompasses simple phenolics, flavonoids and isoflavonoids. They have recently attracted a lot of attention because of their promising biological activity [11] [12] [13] . The antimicrobial, antioxidant and anti-inflammatory properties and detergent ability of these compounds have led to the speculation that they contribute towards wound healing, for example by interfering with cell proliferation [7] .
Flavonoids on the other hand are ubiquitous plant polyphenolic secondary metabolites that characterize plant tissues with the red, blue and purple anthocyanin pigments. They possess the diphenylpropane (C 6 C 3 C 6 ) skeleton. These compounds are known to exert regulatory functions on plant growth by inducing gene expression in addition to modulating several other biological functions [14] . Many of these antioxidant groups of compounds are known to possess antibacterial activity and to inhibit reverse transcriptase and proteases of viral enzymes [15] . They are also used in the treatment of many diseases [16] .
Recently, the structure activity relationships of flavonoids on the modulation of HaCaT cells were investigated. A number of these flavonoids were shown to decrease cell viability, whereas others had a positive effect on cell proliferation [17, 18] . It was suggested that the differential apoptotic modulation was due to varying numbers and positions of hydroxyl groups within the molecule.
However, these studies did not include isoacteoside (1) and chrysoeriol. The aim of this study was, therefore, to investigate the effects of the phenylethanoid isoacteoside [19] and the flavonoid Chrysoeriol [20] on the HaCaT human skin keratinocyte cell line. These compounds were isolated for the first time from the aqueous fraction of D. heterophylla, along with caffeic acid [21] , acteoside (2) [22] and luteolin [23] . To estimate changes in cell viability the 3-(4,5-dimethylthiazol2yl)-2,5-diphenyl tetrazolium bromide (MTT) reduction assay was used [24] .
Phytochemistry
The aqueous brown green gum obtained from the leaves and twigs of D. heterophylla exhibited inhibitory effects against the Gram-positive strain Staphylococcus aureus. The inhibition zone from the edge of the 6 mm disc was 4 mm. However, it did not inhibit the Gram-negative strains Escherichia coli and Pseudomonas aeruginosa. For tracking down the inhibitory activity the crude extract was separated into four fractions of which the ethyl acetate fraction was the most active with a zone of inhibition of 5.7 mm. The S. aureus inhibitory activity guided fractionation and repeated column chromatography led to the isolation of isoacteoside (1), acteoside (2) (Figure 1 The hydrogens of the trans-olefinic AX spin system at δ 6.26 (d, J = 15.9 Hz) coupled to the downfield protons of the ABX system, as well as with a further downfield carbonyl carbon at δ 168.2, as shown in the long range 1 H-13 C connectivity HMBC spectrum. This indicated that one of the phenyl moieties was part of a cinnamoyl (caffeic acid) group. A 
Data acquired in CD 3 OD; (400 and 100 MHz for 1 H and 13 C respectively); Proton and carbon spectra referenced to CD 3 OD ( 1 H δ 3.30, 13 C δ 49.0). J values given in Hz; chemical shifts in ppm. The 6''atom of glucose distinguished isoacteoside (1) from its isomer acteoside (2). characteristic benzylic α-methylene triplet at δ 2.77 (t, J = 6.9 Hz, 7.8 Hz) in the 1 H NMR spectrum, together with another COSY related methylene of non-equivalent protons at δ 3.95, suggested that the second meta-ortho coupled phenyl configuration was that of a phenylethanoid moiety ( Table 1 ). Structure elucidation was achieved by comparison of its close structural similarity to isoacteoside (1) and further confirmed by HPLC using an authentic sample.
HaCaT keratinocytes viability studies
Treatment with isoacteoside did not affect cell viability at doses up to 50 µM. The cells maintained the same metabolic levels as if treated with vehicle alone (0.4% methanol). Methanol is tolerated up to 2% by HaCaT keratinocytes (data not shown). Doses of 100 µM and 200 µM isoacteoside did moderately reduce the cell viability to about 86% and 76%, respectively of the control (Figure 2 ), dose dependently. However, cell viability due to these concentrations was well above the IC 50 limit, so the latter could not be estimated.
In contrast, the influence of increasing doses of chrysoeriol resulted in a reduction of cell viability in a dose dependent manner ( Figure 3 ). Cytotoxic effects began between 3.3 and 6.5 µM and cell viability decreased to 40% at 52 µM. Both 104 µM and 208 µM chrysoeriol showed an apparently reduced toxicity (46.1% and 68.7%, respectively), while 416 µM led to an expected cell viability of only 32.9% again. An even higher dosage of chrysoeriol did not decrease the cell viability to 0% (data not shown). Linear regression between 3.3 µM and 52 µM provided an IC 50 value of 31 µM (r 2 = 0.998) for chrysoeriol. Dimethylsulfoxide, which was used as vehicle, did not significantly reduce cell viability at the concentration used (max. 0.3%).
In our investigation we tried to give a scientific reason to the long known knowledge of the Australian aborigines regarding D. heterophylla and its use in skin associated maladies. During the phytochemical workup, we found a number of compounds connected to the polyketide metabolism (chrysoeriol, and luteolin), as well as some compounds associated with the shikimic acid pathway (caffeic acid, isoacteoside, and acteoside).
As the crude extract used contained leafs (and small twigs) of D. heterophylla the abundance of flavonoids was expected. The isolated flavones luteolin and chrysoeriol differ only by a methyl group at the oxygen at C-3´ [27] . Luteolin, especially as aglycone, and to some extend, chrysoeriol, exerts a lesser polarity than other flavonoids because of the missing hydroxyl group at C-3 and the methylated C-3´ and could, therefore, be found in the ethyl acetate fraction. It can be expected that the methanolic fraction will contain the glycosylated compounds.
The structurally close compounds caffeic acid, acteoside and isoacteoside all contain a dihydroxyphenylpropene motif. Whereas caffeic acid shows a free carboxyl group, acteoside (and isoacteoside) contain sugar moieties and are, therefore, esters. Additionally, they contain a second dihydroxylphenyl group (connected via an ethyl spacer to one glucose ring). Due to these dihydroxylated aromatic rings, these compounds are powerful anti-oxidants in vitro, in particular through the quenching of reactive oxygen species (ROS). Oxidative degradation of biomolecules is a major reason of cell alterations or malfunctions, and its suppression by natural or chemically defined substances is desirable. Especially when administered locally, the isolated compounds of D. heterophylla will contribute to the skin inherent anti-oxidant system. On the other hand, a too effective quenching of cellular oxidation by xenobiotics in respect to human cells and tissue can lead to cell dysfunction [28] . In a second part of our investigation we Observation via light microscopy revealed that the HaCaT cell morphology remained grossly unaltered after 72 hour incubation with isoacteoside. This is consistent with the observed minor reduction of cell viability at high concentrations ( Figure 2) . In recent studies, isoacteoside has been shown to possess anti-oxidant and UV protecting properties, dose responding between 5 and 50 µM [29] . These doses are clearly tolerated by HaCaT cells as cell viability keeps level to the control up to 50 µM. Concentrations of 100 µM and 200 µM reduce cell viability slightly and one can speculate that this effect is due to pro-oxidant activities (see above). The UV absorbing (or protecting) properties of isoacteoside may contribute to the presumed benefits on skin repair by D. heterophylla extracts by either physically reducing UV radiation or by scavenging UV induced reactive oxygen species (ROS) [18] . Several other possible effects and uses of isoacteoside have been proposed in the literature. In our current studies, it inhibited Gram-negative Pseudomonas aeruginosa in a manner comparable to that of chloramphenicol (data not shown).
On the contrary, chrysoeriol exhibited cytotoxic effects on the HaCaT keratinocytes in a dose dependent manner. The onset of cytotoxicity at 6.5 µM and the IC 50 value of 31 µM suggest that the flavonoid does not possess any proliferative effect ( Figure 3 ). This is a medium-strong effect, typical of flavonoids and well supported in the literature. Chrysoeriol had been found to be a strong nod-gene inducing flavonoid [30] and possess antioxidant, antiinflammatory and potent NO blocking effects [31] .
There is an unclear receding of the cytotoxic effect of chrysoeriol at 208 µM ( Figure 3 ). As this observation had been made in all the independent experiments, this cannot be due to experimental flaws. Chrysoeriol is only slightly soluble in water or methanol and was dissolved in dimethylsulfoxide instead to prepare the stock solution. If strongly diluted with cell culture medium precipitation of test substance is likely to appear under these circumstances during incubation. Although this was not too obvious for chrysoeriol, we assume that above concentrations of 150 µM precipitates are formed and thus the effective concentration is reduced. However, cytotoxicity increases again at even higher concentrations (> 400 µM). This may be explained by mechanical disruption of the cells, for example by (precipitated) needles. Still, there is a certain cytotoxic activity that might suggest that D. heterophylla should not be used for topical application. However, the yield of chrysoeriol is quite low (0.0028% w/w) and, from this perspective, its contribution to the overall activity in the manner that the plant is used (watery extract) is likely to be low.
In conclusion, the use of D. heterophylla by the Miriwoong Aboriginal people of Eastern Kimberley, Western Australia for topical applications, such as in wound healing and in the treatment of grazes and boils has facilitated the isolation of some biologically important flavonoids and phenylethanoids. Some compounds showed an antibacterial effect. This is giving some answers to the questions put: why is D. heterophylla used and what can be learned about it? However, there still remains a lot of work to do. The antiproliferative nature of high concentrations of chrysoeriol against HaCaT keratinocytes suggests that there is a need to further investigate the role of traditional medicine in therapy. The role of acteoside and like compounds in respect to anti-oxidant and pro-oxidant effects should be clarified in detail.
Experimental
Optical rotations were measured on a JASCO P-1010 polarimeter (Japan). UV-visible spectra were measured with a CARY 300 BIO VARIAN (Australia) spectrophotometer fitted with a quartz cell. The 1 H (400 MHz), 13 C (100 MHz), DEPT 135, HMQC, HMBC, COSY-90 and ROESY NMR spectra were recorded on a Bruker Avance AMX 400 spectrometer, using standard pulse sequences. Extraction of plant material: Fresh leaves and twigs (500 g) of D. heterophylla were extracted with hot water to provide a decoction which on rotary evaporation (100 ºC) yielded a brown green gum (32 g ). This was suspended in distilled water and partitioned with light petroleum, ethyl acetate, n-butanol and water [32] . Rotary evaporation of these fractions, followed by drying under vacuum, afforded the light petroleum (1.18 g), ethyl acetate (2.62 g), n-butanol (8.55 g) and water (20.50 g) fractions, respectively.
The ethyl acetate fraction was chromatographed on Sephadex LH-20 using 1:1 dichloromethane : methanol as eluent. Thin layer chromatography showed 4 fractions of which the second (190 mg) had inhibitory activity against S. aureus.
Silica gel chromatography (20 cm x 1 cm, 55 g) of fraction 2, eluted with 9:1 chloroform : methanol, provided 2 fractions. Fraction 2, which retained its biological activity against S. aureus, was subjected to semi-preparative reversed phase chromatography with a gradient from 5% methanol/H 2 O to 100% methanol to afford acteoside (2) (14.2 mg), isoacteoside (1) (26 mg), and chrysoeriol (14.0 mg) at a flow rate of 1.5 mL min -1 . The retention times of acteoside, isoacteoside, and chrysoeriol were 19.6 min, 18.6 min and 26.0 min, respectively. Luteolin (9.6 mg) was obtained as an impure compound (retention time 22.0 min). After rechromatography with a gradient from 70% methanol/water to 100% methanol pure luteolin (3.5 mg) was obtained. Caffeic acid (11.1 mg) was obtained from the Sephadex column and purified by re-extraction with ethyl acetate at pH 2 after removal of basic salts in the aqueous phase (3.2 mg).
Antibacterial assays:
The assay organisms used were Staphylococcus aureus ATCC 29213, Escherichia coli JM109 and Pseudomonas aeruginosa ATCC 27853. Cultures of these strains in Mueller-Hinton broth were maintained in glycerol (40% v/v in water; -70ºC). Fresh subcultures in Mueller-Hinton broth (21 g L -1 ) (Bacto Laboratories, Australia) were made. A standard paper disk diffusion assay procedure was followed [32] . Briefly, a bacterial suspension (2 mL) was spread on Mueller-Hinton agar (MHA) plates and excess liquid was removed. 6 mm filter disks were loaded with 400 µg of sample (made in 5% DMSO in water) and placed onto the agar. The plates were incubated overnight at 37ºC. Inhibition zones greater than 2 mm from the edge of the filter paper disk were considered active. Equipment used was autoclaved (121ºC, 15 min) prior to use and the work up was conducted in an aseptic laminar flow cabinet. Standard antibiotics, ampicillin, kanamycin (Amresco, USA) and chloramphenicol (Boehringer Mannheim GmbH, D) were used as references.
Cell culture and assay conditions:
The spontaneously transformed non-tumorigenic human keratinocyte cell line HaCaT (kindly provided by Prof. Fusenig of the German Cancer Research Centre, Heidelberg, Germany) was cultured in growth medium at 37ºC with 5% CO 2 in a humidified atmosphere . Growth medium (RPMI 1640) was supplemented with 8% heat inactivated fetal calf serum (FCS, Sigma, Taufkirchen, D) and antibiotics (penicillin 100 units mL -1 , streptomycin 100 µg mL -1 ). Medium was changed every three days. Cells were subcultured routinely using EDTA (0.05% in Phytochemicals from. Dolichandrone heterophylla Natural Product Communications Vol. 3 (9) 2008 1393 phosphate buffered saline, PBS) and trypsin/EDTA (0.05%/0.02% in PBS). Cells were detached by gently tapping, and suspended in growth medium. An aliquot of the cell suspension obtained was incubated in a hypo-osmotic buffer. Cell nuclei were set free and were counted using a Buerker haemocytometer.
For the experiments, growth medium was replaced by RPMI 1640 containing 0.01% bovine serum albumine (BSA, Sigma Taufkirchen, D) and penicillin/streptomycin (BSA medium). Cell culture plastics and medium supplements were obtained from Biochrom AG (Berlin, D), except otherwise stated.
Cell viability determination: All assays were conducted between passages 50 and 70. HaCaT cells were plated in 96 well plates in growth medium at a density of 2x10 4 cells per well. After 24 h, medium was replaced by BSA medium and cells were incubated with different concentrations of isoacteoside and chrysoeriol for 72 h at 37°C. After incubation, the cells were observed under the microscope for cell integrity and were treated with MTT solution (BSA medium, final concentration 0.5 mg mL -1 ) for 3 h at 37ºC.
Formazan crystals were dissolved (DMSO) and optical density (O.D.) was measured at 550 nm using a multi well plate reader (Anthos HTII, Salzburg, A). Cell viability was expressed as a percentage of vehicle control.
Statistical analysis: Data were analyzed by single sided ANOVA using SPSS 11.0. A p < 0.05 value was considered significant. Results were given as mean ± SD of 5 independent experiments of 8 replicates for each measurement, respectively. For chrysoeriol, the IC 50 was evaluated by linear regression of data obtained for concentrations between 3.3 and 52 µM.
